Maternal-fetal relationship, natural chimerism and bilateral transplantation tolerance as the basis for non-myeloablative stem cell transplantation.
Bone marrow transplantation (BMT) which represents an important clinical tool for treatment of patients with a wide variety of malignant and non-malignant diseases, however, the procedure is associated with procedure-related toxicity and mortality as well as unavoidable late complications. Many of the undesirable consequences of BMT are caused directly or indirectly by the intensive conditioning administered during the pre-transplant period. However, if the main goal of the BMT procedure is to enable immunotherapy by alloreactive donor lymphocytes, the conditioning prior to BMT needs to be reconsidered, because transplantation tolerance across major histocompatibility complex (MHC) occurs spontaneously in nature, as evidenced by the fact that pregnant females do not reject their conceptus. In fact, as shown by Owens in the 1940s, placental parabiosis in utero leads to permanent mixed chimerism and bilateral transplantation tolerance. These observations followed by experiments carried out in the 1950s by Billingham et al. suggested that infusion of parental stem cells into neonates with no exogenous immunosuppressive treatment resulted in mixed chimerism and permanent transplantation tolerance to donor alloantigens. Thus, a window of opportunity provided shortly after delivery, was sufficient for induction of tolerance without the need for heavy conditioning. Tolerant recipients were shown to be chimeras with only a small proportion of donor cells. However, without corroborating evidence that transplantation tolerance could be intentionally induced, the approach could not be applied in clinical practice for immunocompetent recipients. Starting in 70s, we documented the feasibility of establishing bilateral transplantation tolerance by mixed chimerism following non-myeloablative conditioning in immu. nologically mature recipients across MHC in mice, rats and dogs. Several studies have shown that reduced intensity conditioning can be very useful for immunoregulation whereas more intensive the pre-grafting immunosuppression resulted in more aggressive the GVHD. These and other findings suggested that lower intensity conditioning may be sufficient for engraftment of donor stem cells, thus suggesting that immunosuppression without myeloablation may be sufficient for prevention of allograft rejection. Following engraftment of donor stem cells, donor lymphocytes infused with bone marrow or mobilized blood stem cells can eradicate residual hematopoietic cells of host origin, occasionally non-hematopoietic tumor cells of host origin as well. Whenever indicated, donor lymphocytes infusion (DLI) can be used at a later stage post BMT to eradicate residual malignant cells of host origin or for the treatment of residual or recurrent disease. Taken together, ongoing clinical studies suggest that high-dose, myeloablative chemoradiotherapy, could be safely replaced with non-myeloablative conditioning (NST).